Doping La 2 CuO 4 with alkaline-earth, Ae = Sr, Ba, (possibly co-doped with lanthanide, Ln = N d, Eu) generates holes in the La 2−y−x Ln y Ae x CuO 4 crystals. A small fraction of the holes,p ≤ 0.02, suppresses 3D-AFM. The remaining holes, of concentration x −p, reside at O − ions. The superlattice, formed by the O − ions, gives rise to static charge (c) density stripes and magnetization (m) stripes with incommensurability q c,m (p) ∝ √ x −p. The antiparallel orientation of magnetic moments m(O − ) yields a natural explanation for the coupling of q m (p) = 1 2 q c (p), observed below the threshold of temperature dependence , T < T . The setoff valuep depends on the doping level and temperature. At T ≈ 0 its value isp = 0.02 for x < 0.09, but less,p ≈ 0.015, in the medium interval, 0.09 < x < 0.14. For higher Ae doping of La 2−x Ae x CuO 4 -not co-doped with Ln-a limited concentration p(Ae) of Ae atoms replaces La atoms and thereby generates holes of constant density, p(Sr) = 0.125 or p(Ba) = 0.14. The O 2− superlattice of these holes gives rise to charge density stripes with q c (x) = 0.235 (Sr) or 0.25 (Ba) for x > p(Ae). The latter stripes are 1:4 commensurate with the crystal lattice. The former stripes' incommensurability is caused by 1:4 commensuration of the substituting Sr 2+ ions. Above the threshold temperature, T > T , electron-hole pairs are thermally generated, residing at Cu + and O − ions, respectively. The latter, adding to the Ae generated holes, account for the increase of q c (p, T ) with temperature. The magnetic moments of the thermally generated Cu + ions oppose indirectly (in terms of antiparallel compensation) the magnetic moments of the O − ions. This breaks the locking of the incommensurability of charge density and magnetization stripes, q m (p) = 1 2 q c (p). The degree of antiparallel compensation is determined by the relative magnitude of magnetic moments, r = |m(Cu 2+ )| / |m(O − )|. If |m(O − )| ≈ 1 2 |m(Cu 2+ )| can be found, then this would explain the observed decrease of 2q m (p, T ) by about the same rate as the increase of q c (p, T ).
I. INTRODUCTION
In three recent articles the temperature dependence of charge density stripes in 
Here p is the hole concentration, equal to the Ae doping, p = x, at low and medium doping (x < 0.14) and at low temperature (T ≈ 0). Other cases with p = x will be discussed below.
The subscript c stands for charge density and m for magnetization. The stripe-kind factor is w c = 2 or w m = 1 and the stripe-orientation factor is Ω + = √ 2 for x > x 6 ≡ 2/6 2 0.056 when stripes are parallel to the a or b axis, but Ω − = 1 for x < x 6 when stripes are diagonal.
The offset valuep ≤ 0.02 under the radical is the hole concentration necessary to keep three-dimensional antiferromagnetism (3D-AFM) suppressed.
The derivation of Eq. (1) is based on a partition of the CuO 2 plane by doped holes, incorporating the observed stripe orientation, here in tetragonal approximation of the lattice constants, a 0 = b 0 . 4 Equation (1) is valid at (and near) temperature T = 0. As no directional preference is used in the derivation, one would expect the corresponding charge density and magnetization pattern to be checkerboard-like rather than stripe-like, as observed. The unidirectional character is imposed by the low-temperature phases of La 2−y−x Ln y Ae x CuO 4 crystals (Ln = N d, Eu). In these phases CuO 6 octahedra are slightly tilted parallel or diagonally to the planar crystal axes, with equal tilts for whole crystal domains. This creates a preference of the charge density and magnetization pattern in one direction over the orthogonal direction, resulting in stripes. (1), calculated with a constant offset value,p = 0.02. Prominent doping concentrations are denoted by
x n = 2/n 2 . The discontinuity at x 6 0.056 is caused by a change of stripe orientation, relative to the planar crystal axes, from diagonal for x < x 6 to parallel for x > x 6 . (Coincidentally, x 6 also marks the onset of superconductivity in La 2−y−x Ln y Ae x CuO 4 , which raises the possibility of a connection with stripes.)
The curve holds for temperature at (and sufficiently near) T = 0 and is accurate for low doping, 
and then increases linearly at higher temperatures,
with a material dependent thermal coefficient c > 0. 
II. EXPLANATION OF EXPERIMENTAL FINDING #3
In the attempt to explain these experimental findings we start with the third aspectthe slight decrease of q c (T ) with increasing temperature in La 1.675 Eu 0.2 Sr 0.125 CuO 4 below the threshold temperature, T < T . This appears as an exception to the general trend of constant incommensurability below T , but increasing values above, Eqs. (2, 3). The key of this "exception" lies in the offset hole concentrationp which appears under the radical in Eq.
(1). As mentioned,p is the part of the hole doping that is necessary to destroy 3D-AFM and keep it suppressed. We may regard these holes as "suppressor holes"-their suppression task keeps them from participating in charge density stripes. For low temperatures and low doping (x < 0.09) the offset value agrees with the Néel concentration,p = x N 0 , defined by vanishing Néel temperature, T N (x N 0 ) ≡ 0. In La 2−y−x Ln y Ae x CuO 4 compounds it has a value x N 0 = 0.02 = x 10 , marking the collapse of 3D-AFM at T = 0. With more Ae doping, but still at T ≈ 0, it is found that a smaller value,p < x N 0 , suffices to keep 3D-AFM suppressed. 5
Use ofp = 0.02 in Eq.
(1) becomes incorrect in the medium doping range, 0.09 < x < 0.14, as it gives too small a value for the incommensurabilty q c,m (p). This can be seen in Fig. 1 where in that interval most data points cluster slightly above the drawn and La 2−x Ba x CuO 4 (x = 0.115, 0.125) at low temperature (T = 25 K, 20 K, 23 K) 1-3 the offset values are calculated asp = 0.016, 0.014, 0.015, respectively, instead ofp = 0.020 (see Table I ). The calculation is done with Eq. (1) under the assumption of p = x which holds for T ≤ T (except for Ae doping x > 0.14, see Sect. IV below). An evaluation of data from recent RIXS experiments 1,2,27,28 with La 2−x Ae x CuO 4 (x ≥ 0.12), raises the possibility thatp = x 12 = 2/12 2 0.014 in that doping range. The question, whether the transitioň p = x 10 → x 12 is gradual or sudden, may be answered when more data become available in the doping range 0.06 ≤ x ≤ 0.10.
What is the reason for the reduction of the offset value (at T ≈ 0) with more doping?
Apparently, the larger presence of holes in the 0.09 < x < 0.14 range-most of them participating in charge density stripes-assists in keeping 3D-AFM suppressed. However, such assistance seems to cease with higher mobility of crystal constituents at elevated temperatures. In that case the offset must approach the full value of the temperature-dependent Néel concentration,p → x N (T ). This can be seen in the case of La 1.675 Eu 0.2 Sr 0.125 CuO 4 , listed at the top of Table I : At low temperature, T = 25 K, the offset value is clearly less than the Néel concentration,p = 0.016 < 0.020 = x N 0 , but at elevated temperature, T = 80 K, the offset is calculated to be very close to the Néel concentration,p(80K) = 0.020 x N (80K) gives a hole concentration of p(T 210K ) = 0.152 > x = 0.125, considerably larger than the Sr Where do the additional holes come from? We may regard them as "thermally generated holes." More specifically, they can be regarded as the positive-electric partners of thermally generated electron-hole pairs, required by charge neutrality of the crystal. A possible scenario could be a thermally activated transfer of electrons (here symbolized by → e − →)
leaving pairs of lattice defect ions O − and Cu + behind. The latter ions would harbor the thermally generated electrons of concentration
Adding the thermally generated holes to the holes introduced by Ae doping yields the total hole concentration,
It gives rise to the observed charge density stripes of incommensurability,
What happens to the thermally generated electrons? We can assume that they spread out to form another superlattice and corresponding charge density stripes. For their incommensurability we adapt Eq.
(1) to It is known that some properties of lanthanum cuprates extend to higher Ae doping when co-doped with Ln. A well-known example is the (temperature dependent) doping level x * (T )
where the pseudogap closes,
which extends by ∆x * Ln ≈ 0.06 when co-doped. 24 The extended validity of Eq. (1) for the stripe incommensurability in co-doped samples is in line with that trend.
For the samples that are doped with Ae only, we can use the observed incommensurability (1). What is the mechanism for coupling the incommensurabilities in the ratio of 1:2? The simplest scenario would be that the lattice defects that form the corresponding stripes-be they electric charges, be they magnetic moments-reside at the Above the threshold temperature T we assume that thermally activated electron-hole pairs are generated, located at the sites of Cu + and O − lattice defects, respectively, Eq. (5).
The increase of the charge density stripes' incommensurability with temperature, Eq. (3), has been interpreted in Sect. III through an increase of hole concentration, Eq. (7) . We now 
For example, if we had r = 2 1 , then each m(Cu 2+ ) moment would compensate two antiparallel m(O − ) moments. In general, each m(Cu 2+ ) moment compensates (on average) r m(O − ) moments. The remaining concentration of uncompensated m(O − ) moments,
gives rise to a magnetic stripe incommensurability
Comparison with the temperature dependence of charge density stripes, Eqs. (7, 8) Above the threshold temperature, T > T , electron-hole pairs are thermally generated, residing at Cu + and O − ions, respectively. The latter, adding to the Ae generated holes, account for the increase of the incommensurability of the charge density stripes with temperature. The concentration of the magnetic moments of the thermally generated Cu + ions affect indirectly (in terms of antiparallel compensation) the concentration of the magnetic moments of the O − ions. As a consequence, the locking of the incommensurability of charge density stripes and magnetization stripes then no longer holds, q m (p) = 1 2 q c (p). The degree of antiparallel compensation is determined by the relative magnitude of magnetic moments, r = |m(Cu 2+ )| / |m(O − )|. If |m(O − )| ≈ 1 2 |m(Cu 2+ )| can be found, then this would explain the observed decrease of 2q m (p, T ) by about the same rate as the increase of q c (p, T ).
